Abstract. The molt of adult Red-eyed Vireos (Vireo olivuceus) on their breeding grounds was studied at three widely separated sites in northeastern North America: North Point, James Bay (NPJB), Ontario; Vermont Institute of Natural Science (VINS), Woodstock, Vermont; and Powdermill Nature Reserve (PNR), Rector, Pennsylvania. Unlike other North American vireos and most other North American passerine& adult Red-eyed Vireos undergo an incomplete molt on the breeding grounds. This molt typically replaces most or all of the body plumage, about half of the wing coverts, the tertials, and the central rectrices. Extent of molt did not differ among localities; however, timing of the molt was l-2 weeks earlier and onset of molt occurred over a longer period at PNR than at VINS or NPJB. Based on examination of museum specimens, flight feathers not molted on the breeding grounds are replaced on the wintering grounds beginning in early January; average duration of primary molt on the wintering grounds is 78 days. It is unclear whether or not feathers molted on the breeding grounds are molted again at this time.
ordinarily have a complete molt on the breeding grounds, some individuals may suspend this molt prior to completion and resume molting at a migratory stopover site or after arrival on the wintering grounds (e.g., Rose-breasted Grosbeak Pheucticus ludovicianus, Cannel1 et al.
1983, Painted Bunting Passerina ciris, Thompson 1991).
The molt of adult Red-eyed Vireos (Vireo olivaceus) on their breeding grounds was long assumed to be complete, like that of most other passerines (Dwight 1900, Tyler 1950 ). The first observation that this might not be the case apparently was made by James Baird, who documented a variable pattern of incomplete molt in 13 fall migrant adult Red-eyed Vireos in Massachusetts from 1958-1970 (J. Baird, unpubl. data). Pyle et al. (1987: 125) stated that the molt of adult Red-eyed Vireos "appears to be suspended over migration, with some flight feathers not renewed" until the species reaches its wintering grounds, and "should be further investigated." Cramp and Perrins (1994:446) provided some quantitative data on the incomplete molt of 10 fall migrant Red-eyed Vireos, but nonetheless characterized the "adult postbreeding" molt as "perhaps occasionally complete . . . on the breeding grounds."
More importantly, no completely accurate and detailed description of molt in adult Redeyed Vireos has been published, and the molt strategy of this species remains poorly known. We undertook this study to determine the timing, sequence and extent of molt in adult Redeyed Vireos on breeding grounds in northeastern North America and on wintering grounds in northwestern South America. The sex of some vireos caught during the early stages of molt was determined based on physical evidence of recent breeding condition (e.g., brood patch or refeathering brood patch in females; cloaca1 protuberance in males), but samples of known-sex birds were too small for assessing differences in the timing or extent of molt between males and females.
MATERIALS AND METHODS

We examined the molt of adult
We used a conventional molt scoring system (Ginn and Melville 1983) that assigns each remex and rectrix a score of 0 to 5 as follows: 0 = old feather not dropped; 1 = feather missing or in pin; 2 = feather at "brush" stage or up to one-third grown; 3 = feather one-third to two-thirds grown; 4 = feather two-thirds to nearly full-grown; 5 = new feather fully grown and unsheathed. Molt of body feathers and wing coverts was simply recorded as present or absent; quantitative data on the number of wing coverts replaced during the molt were not taken in every case. We used only birds in the last stages of molt (i.e., all remex and rectrix molt scores 2 4) for our description and analyses of molt extent. In our analyses of molt timing, onset of wing molt was defined as the date when at least one flight feather had been assigned a molt score of "1" and none had a molt score >l; molt completion was defined as the date when all molted flight feathers were scored 2 4. We statistically compared the timing and rate of molt among geographical samples by regressing date on molt score for secondary 8 feather for actively molting birds. We limited our analysis to secondary 8, which is the first flight feather dropped during the course of the breeding ground molt, because it was the only one molted in common by all birds in our samples. By using date as the dependent variable, the resulting regression can be used to estimate average molt parameters for individual vireos in each sample (see Pimm 1976 for statistical methodology).
In order to determine the timing and extent of molt by Red-eyed Vireos on or near the wintering grounds, Mulvihill examined specimens of adult I/. olivaceus taken in Panama, Colombia, Venezuela, Ecuador, Brazil, and French Guiana in the collections of the Carnegie Museum of Natural History (CMNH; IZ = 8) and the U.S. National Museum (USNM; 12 = 6). Additional molt notes for the USNM specimens and data from specimens in the collection of the American Museum of Natural History (AMNH; 12 = 5) were supplied to us by J. Baird. Relevant material for our study of wintering ground molt in this species was lacking in several other museum collections that we surveyed. To estimate mean dates of molt onset and completion for vireos on the wintering grounds, we again followed the methodology of Pimm (1976) and regressed date on total primary molt score for one wing (maximum total = 45), using data from molting specimens collected between 15 January and 14 April. Onset and completion of primary molt delimits virtually the entire molt period in most passerines (Jenni and Winkler 1994). Differences in molt extent among localities were assessed with ANOVA and significance of the molt score regressions was assessed with independent, two-tailed t-tests, in both cases using SYSTAT (Wilkinson 1990 ). Elevations and slopes of the calculated regression lines also were compared using independent, two-tailed t-tests (Zar 1984).
RESULTS
EXTENT AND SEQUENCE OF MOLT ON THE BREEDING GROUNDS
Molt by adult Red-eyed Vireos on the breeding grounds is variable but always incomplete ( Table 1 ).
Based on our data, the overlapping sequence of molt on the breeding grounds begins with feathers on the head (capital tract), followed shortly by feathers in the other body tracts. After the onset of body molt, wing molt begins with the middle tertial (secondary 8) and some number of inner greater secondary coverts, followed by molt of scattered lesser and or median coverts. If the molt proceeds further, the next feathers shed usually are the central rectrices and, at about the same time, secondary 9 followed shortly by secondary 7. From this point, any additional rectrices are shed centrifugally.
Rarely, the molt on the breeding grounds may be very limited in extent, including only some body plumage, none to a few lesser, median, and greater secondary coverts, and the middle tertial. Five PNR and two VINS birds had completed a molt this limited in extent. In addition, a PNR vireo banded on 14 September 1991, about two weeks later than the date of latest onset of molt observed at PNR (Table 2) , showed no signs of any active molt or recently grown plumage, suggesting the possibility that a few individuals may not initiate any molt while on the breeding grounds. We observed molt of remiges other than tertials in four vireos at PNR and two at VINS. One PNR bird had replaced secondaries 2-6 and primaries l&4 and the associated primary coverts on both wings, in addition to all of its tertials and the central pair of rectrices. The breeding ground molt of another vireo, observed in successive years at PNR, included symmetrical replacement of primaries 1 and 2, the associated greater primary coverts, and at least two pairs of rectrices in one year, but no primaries or rectrices in the previous year. Because these two PNR birds had nearly finished molting when they were examined, we cannot determine when in their molt sequence the additional remiges were replaced. However, molt scores for three vireos that were actively, although asymmetrically, replacing primary 2 and or primary 1 and their coverts indicated that primary 1 was dropped at about the same time or shortly after the middle tertial. A vireo banded at PNR on 9 September 1987 that was still actively molting secondary 6 (molt score of "4") on each wing had completed the molt of its tertials, rectrices and greater secondary coverts. We did not observe molt of any alular feathers by adult Red-eyed Vireos on the breeding grounds.
ONSET AND DURATION OF MOLT ON THE BREEDING GROUNDS
Dates of earliest onset and completion of molt were similar for NPJB and VINS; however, vireos from these more northerly areas began and completed molting about two weeks later than vireos caught at PNR (Table 2 (Fig. 2) . Based on these regressions, the average date of flight feather molt onset was about one week earlier at PNR (30 July) than at VINS or NPJB (7 August); average date for completion of molt of secondary 8 was two weeks earlier in vireos at PNR (15 August) than at the other sites (30 August). Given the lack of significant differences in extent of molt among sites, differences in the timing of molt of secondary 8 likely are proportional to average differences among sites in overall timing of the breeding grounds molt. Winkler 1994), and all were undergoing a general, low intensity body molt (i.e., scattered molting feathers recorded in all body tracts). Four of the eleven specimens showed active molt of secondary 8, a feather that was replaced by all 284 vireos examined by us on the breeding grounds.
MOLT ON THE WINTERING GROUNDS
Regression of date on total primary molt score for the 11 molting specimens was statistically significant (r2 = 0.74, t9 = 5.03, P = 0.001; Fig. 3 ). Average dates of onset and completion of primary molt estimated from this regression were 9 January and 27 March, respectively, giving an average primary molt duration of 78 days.
A few specimens were suggestive, but none was conclusive, regarding the possibility that Red-eyed Vireos actually resume molting on the wintering grounds from the point where their molt was suspended on the breeding grounds. The best evidence in support of this possibility was provided by AMNH specimen #183566 collected on 7 March 1924 in Ecuador-its central two rectrices were fully grown and appeared "old" (i.e., replaced on the breeding grounds prior to migration), at the same time that all other rectrices were in molt and no more than l/4 grown (J. Baird, unpubl. data). Additional evidence came from vireos examined by us during spring migration at PNR and VINS-some AND CHRISTOPHER C. RIMMER of these showed marked differences in wear among tertials, rectrices and or greater secondary coverts consistent with the idea that wing and tail molt is resumed on the wintering grounds from the point where it was suspended on the breeding grounds 3-4 months earlier.
These differences, however, are difficult to interpret because they also can result from the differential exposure to wear of same-generation feathers, In order to determine if the incomplete flight feather molt by Red-eyed Vireos on the breeding grounds is simply the first stage of a complete molt that is continued on the wintering grounds after an unusually long hiatus, we will need either more data from molting birds on the wintering grounds or an unequivocal means for distinguishing feathers molted on the wintering grounds from those molted 34 months earlier on the breeding grounds. Recent studies have shown that isotopic variation in feather material can be used to identify seasonal dietary shifts (e.g., Thompson and Fumess 1995 (Remsen et al. 1996) .
Rapid onset of migration following nesting in this species may be related to its migration and wintering ecology. Red-eyed Vireos feed increasingly on fruits from late summer through fall (Tyler 1950 , Martin et al. 1951 ) and may be largely frugivorous on their Amazonian wintering grounds (Morton 1977 , Barlow 1980 
